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57 ABSTRACT

Provided is a construction machine which is capable of sup-
pressing useless power consumption. This construction
machine is provided with an excavator body, a working
device which is attached to the excavator body, an engine
which is mounted in the excavator body, a generator motor
which is attached to the engine and which can be driven as an
electric generator or an electric motor, a hydraulic pump
which is driven by the engine and the generator motor, a
hydraulic actuator which drives the working device with
motive power generated by the hydraulic pump, and a control
portion which lowers the drive output of the generator motor
in accordance with the drive state of the working device and
limits the drive output of the hydraulic pump in order to keep
the rotation frequency of the engine within a range of prede-
termined values.

9 Claims, 10 Drawing Sheets

~ 32
3

4
ARM CYLINDER
6
CYLINDER
CONTROL | 25
VALVE SWINGING
13 07O
TRAVELLING
12~ MOTOR (RIGHT)
TRAVELLING
MOTOR (LEFT)

ARrEEY 201

ELL

N

-




US 9,340,953 B2

Page 2
(51) Imt.ClL (52) US.CL
B60OW 10/08 (2006.01) CPC ............. B60W 20/00 (2013.01); EO2F 9/2091
B60W 10/30 (2006.01) (2013.01); EO2F 972246 (2013.01); EO2F
B60W 20/00 (2016.01) 9/2296 (2013.01); F02D 29/04 (2013.01);
F02D 29/04 (2006.01) F02D 29/06 (2013.01); F02D 41/0205
F02D 29/06 (2006.01) (2013.01); B60OW 2710/0644 (2013.01); F02D
EO2F 9/22 (2006.01) 2200/503 (2013.01); Y02T 10/6226 (2013.01);
F02D 41/02 (2006.01) Y10S 903/93 (2013.01)



U.S. Patent May 17, 2016 Sheet 1 of 10 US 9,340,953 B2

FIG. 1

14(13)



U.S. Patent May 17, 2016 Sheet 2 of 10 US 9,340,953 B2

FIG. 2

22
/ 32\
BOOM CYLINDER
ENGINE 34~
ARM CYLINDER
ECU N 36~
) BUCKET
CYLINDER
PCU EH CONTROL | 25~
M VALVE SWINGING
\ MOTOR
Batt 55 135
/ TRAVELLING
144 MOTOR (RIGHT)
24 TRAVELLING
T MOTOR (LEFT)
Abrrxx 201
______ -
MCU
7y \80
Y

HCU <

Y

100



U.S. Patent May 17, 2016 Sheet 3 of 10 US 9,340,953 B2

BOOM RAISING
OPERATION

22

32 \
> BOOM CYLINDER

ENGINE




Sheet 4 of 10 US 9,340,953 B2
OPERATION END r/v DECREASE
OPERATION IN SOC

May 17, 2016

U.S. Patent

t § ] i i
1 t 1 ] i
1 1 ] ] t
t 1 1 1 1
1 1 i } t
" “ ! F "
, [
: " R ] !
] 1] » 1 « 1 1
o - PRI S . e e B M R e S e +
] ) - I n 1 ¥
1 1 L] 1 n 1 1
1 ] ] 1 - ] I
] 1 n H n " "
t 1 u i R M
; i /i ior " '
i : VAR I |
........ m----_----!L-I--:T-J_-M‘ PR SN
I 1 R t 1) 1
: : : i el I ! i
1 1 5 1 1 = ] 1 1
»--- ---:-m-!-“r Ymeefn L“-M. binteleireiniehels WA i “ :
i I 1]
L : o rw N\ _ “
" : : ! T B ' ! . '
" 1 " i 1 G i nNU 1 ] ] ] ]
. ! A WA W =1 ¢ !
P ” Cor P 0\ 28 g
1 ' i i i D ' : | o he 2
] t 1 t 1 1 ] 1 I ! I 1 [} ]
1 1 { i H 1 ] ] ] ] 3 ] ] 1
] 1 ] T t 1 i ? 1 ] 1 ] ) 4 ?
] ] ] ] ] 1 [} 1 t ] I 1 ! 1 H ]
R B e I S R L TR Bt  EEhahnatl SEEES omee =
L= L I X! X ; 1 H “
ol o b & o " 2k "
I.U._. W ' ' 1 t m m n\ﬂ_l_ ” 1 4 1
v 1 3 ] ' _ — N 1 S’ 1§ 1
S P i “ H :
t 1 i ¥ 3 1 T ) ] H 1
il 1 1 1 i i 3 1 I L 1 F
-
9 2 0 T © x @ . Q
= o o O D
S &5 = 5 i 8z x
r<<Z <% o o- o PES &
D a Lo o= o = Zk w
Ll S =0 <CCJ —_
SO =~ ud = = Ty Ol
La= 5P 59 o > =0 =
00O <C oo a1 T o Oow [N g T om



US 9,340,953 B2

U.S. Patent May 17, 2016 Sheet 5 of 10
501\
ROTATION FREQUENGY ENGINE ROTATION
800 oy oy LOUAND > FREQUENCY
CALCULATION PORTION COMMAND VALUE
502
| MAXIMUM OUTPUT ENGINE MAXIMUM
> ESTIMATION PORTION OUTPUT VALUE
PUNP ASSIST POWER
DISCHARGE REFERENCE VALUE o6
PRESSURE \
so | 2o LT sz
—
" "PORTION PORTION COMMAND VALUE
op%;ER\f\ETToN T PUMP POWER 1
ESTIVATED OUTPUT
AMOUNT \ALUE LIMIT FLAG
CYLUINDER - oo oo
STROKE 504~ i
PUMP RELIEF STATE
ggggg&% »  DETERMINATION = ®
PORTION DETERMINATION
505 FLAG
| EXCAVATION STATE
"1 DETERMINATION PORTION | NON-EXCAVATION
DETERMINATION
LEVER
OPERATION 1 FLAG
AMOUNT
ENGINE HYDRAULIC
PUMP POWER
ROTATION > » PUMP TORQUE
FREQUENCY LIMITING PORTION COMMAND VALUE




U.S. Patent May 17, 2016 Sheet 6 of 10 US 9,340,953 B2

FIG. 6

( START )

| St
Y /

N
<RELIEF STATE DETERMINATION> ©

YES

s2
! S

<[EXCAVATION/NON—EXCAVATION\ NO

DETERMINATION >
DURING NON-EXCAVATION? / v yd >4

DETERMINATION OF STATE
YES e ARGE OF BATTERY] \ NO
30C < PREDETERMINED

VALUE

S3 YES
: yd

[GENERATOR MOTOR AND
HYDRAULIC PUMP CONTROL]
GENERATOR MOTOR
— DECREASE MOTORING OUTPUT
HYDRAULIC PUMP
= LIMIT MOTIVE POWER

A
( RETURN )¢



U.S. Patent

May 17, 2016 Sheet 7 of 10 US 9,340,953 B2
PREVIOUS DETERMINATION
No. | pETERMINATION | CONDITIONS FLAG
STATE INDICATING PUMP DISCHARGE | ON
oFF PRESSURE = RELIEF PRESSURE—a 1S | *RELIEF
1 | O \ReLEr  |KEPT FOR DETERMINED TIVE
' OFF
OTHER THAN THAT ABOVE O NRELIEF
STATE INDICATING RELIEF PRESSURE— | OFF
on PUMP DISCHARGE PRESSURE = 3 *NON-RELIEF
3 ) - IS KEPT FOR DETERMINED TIME
N
OTHER THAN THAT ABOVE O F
PREVIOUS DETERMINATION
No. | pETERMINATION| CONDITIONS FLAG
WHEN ALL THE FOLLOWING CONDITIONS
C1) TO C3) ARE SATISFIED:
on ) CREDETERIINGD VAL |9FF
1 *NON-EXCAVATION| ), 21" CROWDING OPERATION AMOUNT| ™ EXCAVATION
> PREDETERMINED VALUE
C3) WHEN EITHER OF THE FOLLOWING
CONDITIONS C3-1) AND 3-2)
IS SATISFIED:
C3-1) BOOM RAISING OPERATION AMOUNT
> PREDETERMINED VALUE
C3-2) BUCKET CROWDING OPERATION
AMOUNT > PREDETERMINED VALUE
ON
WHEN ALL THE FOLLOWING CONDITIONS
C1) AND C2 ARE SATISFIED:
2 |oFF C1) PUMP DISCHARGE PRESSURE > OFF
XEXCAVATION PREDETERMINED VALUE XEXCAVATION
C2) ARM CROWDING OPERATION AMOUNT
> PREDETERMINED VALUE
ON
OTHER THAN THOSE ABOVE ON L EXCAVATION




U.S. Patent May 17, 2016 Sheet 8 of 10 US 9,340,953 B2
PREVIOUS DETERMINATION
No. | pETERMINATION| CONDITIONS FLAG
STATE INDICATING |SWINGING MOTOR _|ON
oFf ROTATION FREQUENCY| < & IS KEPT | XSWINGING STOP
1 | %GNG |LFOR DETERMINED TIME
OFF
OTHER THAN THAT ABOVE o INGING
STATE INDICATING |SWINGING MOTOR _|OFF
o ROTATION FREQUENCY| < 7 IS KEPT | XSWINGING
2 | W inainG sToplL.FOR DETERMINED TIME _
OTHER THAN THAT ABOVE N INGING SToP
PREVIOUS DETERMINATION
NO. | DETERMINATION | CONDITIONS FLAG
WHEN ALL THE FOLLOWING CONDITIONS
C1) AND C2) ARE SATISFIED:
Ol ! LIS RS oy
%NON-SWINGING % SWINGING
C2) SWINGING OPERATION AMOUNT >
1 | PRESSING ) DREDETERVINED VALUE PRESSING
ON
OTHER THAN THOSE ABOVE % NON-SWINGING
PRESSING
WHEN ALL THE FOLLOWING CONDITIONS
C1) AND C2) ARE SATISFIED: OFF
OFF C1) PUMP DISCHARGE PRESSURE > X SWINGING
* SWINGING PREDETERMINED VALUE PRESSING
2 |"PRESSING | C2) SWINGING OPERATION AMOUNT >
PREDETERMINED VALUE
ON
OTHER THAN THOSE ABOVE % NON-SWINGING
PRESSING




U.S. Patent

22

s

ENGINE

May 17, 2016

Sheet 9 of 10

US

32~

9,340,953 B2

BOOM CYLINDERH-[ 322

34~

ARM CYLINDER

_.D/'34a

36

CONTROL
VALVE

BUCKET
CYLINDER

.y 36a

25\

13

SWINGING
MOTOR

_Df25a

14

TRAVELLING

13a
MOTOR RiGHT LT

TRAVELLING

MOTOR (LEFT)

Df14a

A4




U.S. Patent

22

/

ENGINE

ECU

May 17,2016 Sheet 10 of 10 US 9,340,953 B2
321 2
” BOOM CYLINDERH P~ °4@
N\
o ARM CYLINDERH 342
BUCKET | 13~ 362
-~ 5 | ConTRoL |25 CYLINDER
r , VALVE SWNGING |7.~25a
— N 13.L__MOTOR
8 55 TRAVELLING |-~ 13
/ 12-MOTOR (RIGHT)
24 TRAVELLING 14a
MOTOR (LEFT) [V~
‘.‘_l_‘?]'.‘_l‘,‘l‘tlf___ 201
'.._.__'__i__!___..'
MCU
c \80
HCU




US 9,340,953 B2

1
CONSTRUCTION MACHINE

TECHNICAL FIELD

The present invention relates to a construction machine
such as a hydraulic excavator. Particularly, it relates to a
construction machine including a generator motor which is
attached to an engine, and an electric storage device which
can store electric power for driving the generator motor or can
be charged with electric power generated by the generator
motor.

BACKGROUND ART

A construction machine including hydraulic actuators
which drive drive portions such as a boom and an arm with
motive power from a hydraulic pump driven by an engine has
been heretofore used as this type of construction machine
such as hydraulic excavator. However, in recent years, a
hybrid type construction machine aimed at improvement of
fuel efficiency of an engine, reduction of noise level, and
reduction of exhaust gas, etc. has been developed and imple-
mented practically. Specifically, this hybrid type construction
machine has a generator motor which is used for assisting the
hydraulic pump and which can generate electric power by the
engine, and an electric storage device which can supply elec-
tric power for driving the generator motor and which can be
charged with electric power generated by the generator
motor.

In addition, for example, a hybrid working machine
described in Patent Literature 1 has been known as a back-
ground-art technique in the technical field. Specifically, the
working machine described in Patent Literature 1 includes an
engine, a hydraulic pump which is driven by the engine,
hydraulic actuators which are operated by motive power from
the hydraulic pump, and a generator motor which assists
motive power to the hydraulic pump. In addition, the working
machine includes an electric storage unit which exchanges
electric energy with the generator motor. The working
machine is configured to limit a motoring torque value of the
generator motor in accordance with the residual power level
of the electric storage unit. In the Patent Literature 1, con-
figuration is made to suppress accelerative increase of power
consumption caused by increase of a current and suppress
remarkable decrease of the residual power level caused by the
increase of power consumption when a predetermined assist
operation is performed in a state in which the residual power
level is low.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent No. 3941951

SUMMARY OF INVENTION
Technical Problem

In the construction machine including the hydraulic actua-
tors which drive the drive portions with the motive power
from the hydraulic pump as described above, a driver contin-
ues a predetermined operation, for example, a warming-up
operation. That is, one of the hydraulic actuators such as a
boom cylinder is extended to make a full stroke and reach a
stroke end at which the hydraulic actuator cannot extend/
contract anymore. Thus, a relief valve is operated to increase
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the oil temperature. In such a case, the flow rate of hydraulic
oil discharged from the hydraulic pump and flowing into the
relief valve is throttled by the relief valve to thereby generate
a pressure loss. The hydraulic oil is warmed by the heat
generated from the pressure loss. On this occasion, there is a
possibility that the generator motor may continue to assist the
hydraulic pump and therefore consume electric power use-
lessly in the hybrid type construction machine in which the
hydraulic pump is driven by the engine and the generator
motor.

In addition, in the hybrid working machine described in
Patent Literature 1, a motoring torque value of the generator
motor is limited in accordance with the residual power level.
Therefore, when the residual power level is low during the
aforementioned warming-up operation, the assist of the
hydraulic pump by the generator motor is limited so that
power consumption can be suppressed. However, when the
residual power level is high, the assist of the hydraulic pump
by the generator motor can be continued to thereby result in
useless power consumption.

The present invention has been accomplished in consider-
ation of the aforementioned actual circumstances. An object
of'the invention is to provide a construction machine which is
capable of suppressing useless power consumption which
will occur when a generator motor is driven, for example, in
a warming-up operation etc.

Solution to Problem

In order to solve the problem, the invention provides a
construction machine including: a body; a drive portion
which is attached to the body; an engine which is mounted in
the body; a generator motor which is attached to the engine
and which can be driven as an electric generator or an electric
motor; a hydraulic pump which is driven by the engine and the
generator motor; a hydraulic actuator which drives the drive
portion with motive power generated by the hydraulic pump;
and a control portion which lowers a drive output of the
generator motor in accordance with a drive state of the drive
portion and limits a drive output of the hydraulic pump in
order to keep the rotation frequency of the engine within a
range of predetermined values.

According to the invention configured thus, the control
portion lowers the drive output of the generator motor in
accordance with the drive state of the drive portion and limits
the drive output of the hydraulic pump in order to keep the
rotation frequency of the engine within the range of the pre-
determined values. Therefore, when, for example, discharge
pressure of the hydraulic pump increases and a relief valve
operates to bleed off an unnecessary flow rate ot hydraulic oil,
supply of electric power to the generator motor can be
reduced so that the drive output of the generator motor can be
decreased. On this occasion, in accordance with the decrease
of'the drive output of the generator motor, the drive output of
the hydraulic pump becomes overloaded and the rotation
frequency of the engine decreases. However, the drive output
of'the hydraulic pump is lowered in order to keep the rotation
frequency of the engine within the range of the predetermined
values. Accordingly, the rotation frequency of the engine can
be kept within the range of the predetermined values. Thus,
electric power uselessly consumed by the generator motor
can be suppressed.

In addition, in the aforementioned configuration, the con-
struction machine further includes: a pressure control device
which operates in accordance with discharge pressure of the
hydraulic pump and a pressure detection portion which
detects the discharge pressure of the hydraulic pump;
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wherein: when the discharge pressure of the hydraulic pump
detected by the pressure detection portion reaches a predeter-
mined range which is set in advance relatively to operating
pressure at which the pressure control device begins to oper-
ate, the control portion lowers the drive output of the genera-
tor motor and limits the drive output of the hydraulic pump in
order to keep the rotation frequency of the engine within the
range of the predetermined values.

With the configuration made thus, the pressure control
device operates to bleed off an unnecessary flow rate of
hydraulic oil when the discharge pressure of the hydraulic
pump detected by the pressure detection portion reaches the
operating pressure at which the pressure control device
begins to operate. Therefore, when the discharge pressure of
the hydraulic pump detected by the pressure detection portion
reaches the predetermined range which is set in advance
relatively to the operating pressure at which the pressure
control device begins to operates, the drive output of the
generator motor is decreased and the drive output of the
hydraulic pump is limited in order to keep the rotation fre-
quency of the engine within the range of the predetermined
values. Accordingly, electric power uselessly consumed by
the generator motor can be suppressed more surely.

In addition, in the aforementioned configuration, the con-
struction machine further includes: an operation device
which generates and outputs an operation signal addressed to
the hydraulic actuator; and a displacement amount detection
portion which detects a displacement amount of the hydraulic
actuator; wherein: when the operation device outputs the
signal to the hydraulic actuator and the displacement amount
detected by the displacement amount detection portion is
within a predetermined range which is set in advance, the
control portion lowers the drive output of the generator motor
and limits the drive output of the hydraulic pump in order to
keep the rotation frequency of the engine within the range of
the predetermined values.

With the configuration made thus, when the operation
device outputs the signal to the hydraulic actuator and the
displacement amount detected by the displacement amount
detection portion (here, the displacement amount has broad
meaning including a rotation frequency as a speed or a rota-
tion speed, or a rotation angle as an angular position during
displacement or rotation, etc.) is within the predetermined
range which is set in advance, electric power is consumed by
the generator motor uselessly due to unnecessary assist con-
tinued by the generator motor. To solve this problem, in such
a case, the drive output of the generator motor is decreased
and the drive output of the hydraulic pump is limited in order
to keep the rotation frequency of the engine within the range
of the predetermined values. Thus, electric power uselessly
consumed by the generator motor can be suppressed.

In addition, in the aforementioned configuration, at least
one drive portion is provided as the drive portion, and the
hydraulic actuator serves as at least a hydraulic cylinder or a
hydraulic motor.

With the configuration made thus, the hydraulic actuator
driving the drive portion serves as at least a hydraulic cylinder
or a hydraulic motor. Accordingly, the control portion lowers
the drive output of the generator motor in accordance with the
drive state of the hydraulic cylinder or the hydraulic motor,
and limits the drive output of the hydraulic pump in order to
keep the rotation frequency of the engine within the range of
the predetermined values. Accordingly, electric power use-
lessly consumed by the generator motor can be suppressed in
accordance with the drive state of the hydraulic cylinder or the
hydraulic motor.
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In addition, in the aforementioned configuration, the con-
struction machine further includes: a pressure control device
operation state determination portion which determines an
operation state of the pressure control device in accordance
with a detection result of the displacement amount detection
portion or the pressure detection portion; wherein: when the
pressure control device operation state determination portion
determines that the pressure control device is in operation, the
control portion lowers the drive output of the generator motor
and limits the drive output of the hydraulic pump in order to
keep the rotation frequency of the engine within the range of
the predetermined values.

With the configuration made thus, the control portion low-
ers the drive output of the generator motor and limits the drive
output of the hydraulic pump in order to keep the rotation
frequency of the engine within the range of the predetermined
values when the pressure control device operation state deter-
mination portion determines that the pressure control device
is in operation in accordance with the detection result of the
displacement amount detection portion or the pressure detec-
tion portion. Accordingly, electric power uselessly consumed
by the generator motor can be suppressed.

In addition, in the aforementioned configuration, the drive
portion is configured to be capable of performing a first work
and a second work different from the first work; the construc-
tion machine further includes a drive portion work state deter-
mination portion which determines whether the drive portion
is in a state of the first work or a state of the second work; and
when the pressure control device operation state determina-
tion portion determines that the pressure control device is in
operation and the drive portion work state determination por-
tion determines that the drive portion is in the state of the
second work, the control portion lowers the drive output of the
generator motor and limits the drive output of the hydraulic
pump in order to keep the rotation frequency of the engine
within the range of the predetermined values.

With the configuration made thus, when the pressure con-
trol device operation state determination portion determines
that the pressure control device is in operation in accordance
with the detection result of the displacement amount detec-
tion portion or the pressure detection portion and the drive
portion work state determination portion determines that the
drive portion is in the state of the second work, an unneces-
sary flow rate of hydraulic oil is bled off. Therefore, in this
case, the drive output of the generator motor is lowered and
the drive output of the hydraulic pump is limited in order to
keep the rotation frequency of the engine within the range of
the predetermined values. Accordingly, electric power use-
lessly consumed by the generator motor can be suppressed.

In addition, in the aforementioned configuration, when the
pressure control device operation state determination portion
determines that the pressure control device is not in operation,
the control portion drives the hydraulic pump with a drive
output of the engine and the drive output of the generator
motor; and when the pressure control device operation state
determination portion determines that the pressure control
device is in operation, the control portion drives the hydraulic
pump with the drive output of the generator motor which is
lowered in comparison with that when the pressure control
device is not in operation.

With the configuration made thus, when the pressure con-
trol device operation state determination portion determines
that the pressure control device is not in operation, an unnec-
essary flow rate of hydraulic oil is not bled off. Therefore, the
hydraulic pump is driven with the drive output of the engine
and the drive output of the generator motor. When the pres-
sure control device operation state determination portion



US 9,340,953 B2

5

determines that the pressure control device is in operation, an
unnecessary flow rate of hydraulic oil is bled off. Therefore,
the hydraulic pump is driven with the drive output of the
generator motor which is lowered in comparison with that
when the pressure control device is not in operation. Accord-
ingly, supply of an unnecessary drive output to the power
generator can be suppressed. Thus, electric power uselessly
consumed by the generator motor can be suppressed.

Advantageous Effect of Invention

According to the invention, configuration is made in such a
manner that the control portion lowers the drive output of the
generator motor in accordance with the drive state of the drive
portion and limits the drive output of the hydraulic pump in
order to keep the rotation frequency of the engine within the
range of the predetermined values. With this configuration,
when, for example, the discharge pressure of the hydraulic
pump increases and the relief valve operates to bleed off an
unnecessary flow rate of hydraulic oil, the invention can
reduce supply of electric power to the generator motor to
thereby decrease the drive output of the generator motor. On
this occasion, in accordance with the decrease of the drive
output of the generator motor, the drive output of the hydrau-
lic pump becomes overloaded and the rotation frequency of
the engine decreases. However, the drive output of the
hydraulic pump is decreased in order to keep the rotation
frequency of the engine within the range of the predetermined
values. Accordingly, the rotation frequency of the engine can
be kept within the range of the predetermined values. Thus,
electric power uselessly consumed by the generator motor
can be suppressed. Problems, configurations and effects other
than those which have been described above will be made
apparent from description of the following embodiments.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 An external side view of a hydraulic excavator
according to a first embodiment of the invention.

FIG. 2 A system configuration diagram of main electromo-
tive and hydraulic devices of the hydraulic excavator.

FIG. 3 Schematic views showing operation contents in the
case where oil pressure of the hydraulic excavator is relieved,
in which FIG. 3(a) shows a case (1) where a hydraulic exca-
vator has performed a boom lowering operation and a state (2)
in which the hydraulic excavator has performed a boom rais-
ing operation, and FIG. 3(b) shows a transmission flow of
hydraulic power during the boom raising operation of the
hydraulic excavator.

FIG. 4 A time chart showing the boom raising operation of
the hydraulic excavator.

FIG. 5 Control block diagrams showing processing of a
control unit of the hydraulic excavator, in which FIG. 5(a)
shows processing of an HCU and FIG. 5(5) shows processing
of an MCU.

FIG. 6 A flow chart showing processing of the hydraulic
excavator.

FIG. 7 Charts showing processing for determining an exca-
vation state of the hydraulic excavator, in which FIG. 7(a)
shows a determination method of a relief state determination
portion and FIG. 7(b) shows a determination method of an
excavation state determination portion.

FIG. 8 Charts showing processing for determining a swing-
ing pressing state of a hydraulic excavator according to a
second embodiment of the invention, in which FIG. 8(a)
shows a determination method of a swinging state determi-
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nation portion and FIG. 8(5) is a determination method of a
swinging pressing determination portion.

FIG. 9 A system configuration diagram of main electromo-
tive and hydraulic devices of a hydraulic excavator according
to a third embodiment of the invention.

FIG. 10 A system configuration diagram of main electro-
motive and hydraulic devices of a hydraulic excavator accord-
ing to a fourth embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

(First Embodiment)

A hydraulic excavator according to a first embodiment of a
construction machine of the invention will be described
below with reference to the drawings. FIG. 1 is an external
side view of the hydraulic excavator according to the first
embodiment of the invention. FIG. 2 is a system configuration
diagram of main electromotive and hydraulic devices of the
hydraulic excavator. In addition, FIG. 3 are schematic views
showing operation contents in the case where oil pressure of
the hydraulic excavator is relieved, in which FIG. 3(a) shows
a case (1) where the hydraulic excavator has performed a
boom lowering operation and a state (2) in which the hydrau-
lic excavator has performed a boom raising operation, and
FIG. 3(b) shows a transmission flow of hydraulic power dur-
ing the boom raising operation of the hydraulic excavator.
<Overall Configuration>

The hydraulic excavator 1 according to the first embodi-
ment has an excavator body 2 as a body. As shown in FIG. 1,
the excavator body 2 includes a lower travelling body 10. The
lower travelling body 10 is constituted by a pair of crawlers 11
serving as drive portions which constitute a travelling mecha-
nism, a crawler frame 12 which supports these crawlers 11,
travelling motors 13 and 14 and a reduction mechanism (not
shown) which control these crawlers 11 to drive indepen-
dently and respectively, etc. The travelling motors 13 and 14
serve as a pair of travelling hydraulic motors

Next, an upper swinging body 20 is attached on the lower
travelling body 10 to be capable of swinging in a horizontal
direction. The upper swinging body 20 is provided with a
swinging frame 21, an engine 22 which is mounted on the
swinging frame 21, a generator motor 23 serving as a genera-
tor motor which is coupled and attached to the engine 22 and
which can be driven as an electric generator or an electric
motor, and a swinging motor 25 serving as a swinging
hydraulic motor. In addition, the upper swinging body 20 is
provided with a battery 24 serving as an electric storage
device which is electrically connected to the generator motor
23, a reduction mechanism (not shown) which reduces rota-
tion of the swinging motor 25, and a swinging mechanism 26
serving as a drive portion which drives the upper swinging
body 20 to swing with driving power of the swinging motor
25. Here, the battery 24 is configured to store electric power
for driving the generator motor 23 and to be charged with
electric power regenerated by the generator motor 23.

In addition, a working device 30 serving as a drive portion
is mounted on the upper swinging body 20. The working
device 30 is constituted by a boom 31, an arm 33 which is
pivotally supported rotatably in the vicinity of a distal end
portion of the boom 31, a bucket 35 which is pivotally sup-
ported rotatably in the vicinity of a distal end portion of the
arm 33, etc. Specifically, in the working device 30, the boom
31 is driven by a boom cylinder 32, the arm 33 is driven by an
arm cylinder 34, and the bucket 35 is driven by a bucket
cylinder 36.

In addition, a cabin 37 serving as a driver’s cab is attached
to a front side of the upper swinging portion 30. Levers 201
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are attached inside the cabin 37. The levers 201 serve as a
plurality of operation devices shown in FIG. 2 and are pro-
vided for generating and outputting operation signals
addressed to respective hydraulic actuators such as the boom
cylinder 32, the arm cylinder 34, the bucket cylinder 36, the
swinging motor 25, the travelling motors 13 and 14, etc.
driving the drive portions in order to operate drive of these
hydraulic actuators.

Further, a hydraulic system 40 having a hydraulic pump 41
and a control valve 42 is mounted on the swinging frame 21 of
the upper swinging portion 20. Here, the hydraulic pump 41
generates pump power as a drive output for driving the
hydraulic actuators such as the boom cylinder 32, the arm
cylinder 34, the bucket cylinder 36, the swinging motor 25,
and the travelling motors 13 and 14 shown in FIG. 2, etc. and
supplies the pump power to these hydraulic actuators. Fur-
ther, the hydraulic pump 41 is supplied with the driving power
from the engine 22 and the generator motor 23. Incidentally,
a relief valve 301 serving as a pressure control device oper-
ating in accordance with discharge pressure of the hydraulic
pump 41 is provided in the control valve 42 of the hydraulic
system 40, as shown in FIG. 3(5). Further, a pressure sensor
43 serving as a pressure detection portion for detecting the
discharge pressure of the hydraulic pump 41 is attached
between the hydraulic pump 41 and the control valve 42, as
shown in FIG. 2.
<System Configuration>

As shown in FIG. 2, the engine 22 is connected to the
hydraulic pump 41 through the generator motor 23. In the
specification of the embodiment, it is assumed that maximum
engine power outputted by the engine 22 serving as a motor is
smaller than maximum pump power which is required for the
hydraulic pump 41 to drive the respective hydraulic actuators,
so that the motor can be miniaturized due to the assist of the
generator motor in a general hybrid hydraulic excavator.
When the pump power of the hydraulic pump 41 exceeds the
engine power of the engine 22, the generator motor 23 assists
the shortage of the power. In addition, the hydraulic oil from
the hydraulic pump 41 is supplied to the control valve 42. The
control valve 42 controls the flow rate of the hydraulic oil into
the boom cylinder 32, the arm cylinder 34, the bucket cylinder
36, the swinging motor 25, and the travelling motors 13 and
14 and the operation direction in accordance with commands
from the levers 201.

Next, the battery 24 is connected to a PCU (Power Control
Unit) 55 constituting a part of a control device of the con-
struction machine. Direct-current (DC) power is supplied
from the battery 24 to the PCU 55 through a chopper (not
shown) inside the PCU 55. The voltage of the DC power is
boosted to a predetermined DC voltage and inputted to an
inverter (not shown) inside the PCU 55 and drives the gen-
erator motor 23.

Further, the PCU 55 is connected to an HCU (Hybrid
Control Unit) 100 included in the control portion. An ECU
(Engine Control Unit) 57, and an MCU (Machine Control
Unit) 80 which is included in the control portion are also
connected to the HCU 100. The HCU 100 outputs a command
signal to the PCU 55, the ECU 57 or the MCU 80 based on a
rotation speed signal, a lever signal, a pressure signal, etc.
detected through the PCU 55, the ECU 57 or the MCU 80 to
generally control the engine 22, the generator motor 23 and
the hydraulic pump 41.

The MCU 80 controls a proportional solenoid valve 75
which is provided in the hydraulic pump 41 and which is
provided for controlling a capacity adjustment mechanism
(not shown) controlling the pump power. When, for example,
a driver operates one of the levers 201 to perform a boom
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raising operation, the MCU 80 controls the pump power of the
hydraulic pump 41 through the proportional solenoid valve
75 to supply the pump power of the hydraulic pump 41 to the
boom cylinder 32 through the control valve 42. On this occa-
sion, the HCU 100 estimates pump power required for the
hydraulic pump 41 based on a lever signal detected by the
MCU 80 and a pressure signal as discharge pressure of the
hydraulic pump 41, etc., and estimates the SOC (state of
charge) of the battery 24 based on a voltage value of the
battery 24 detected by the PCU 55.

Further, the HCU 100 allocates motive power required for
the hydraulic pump 41 to the engine 22 and the generator
motor 23 appropriately. That is, the HCU 100 has a rotation
frequency calculation function of receiving the SOC of the
battery 24 from the PCU 55 and calculating a rotation fre-
quency command value based on the SOC, and outputs the
calculated rotation frequency command value to the ECU 57.
In addition, the HCU 100 has an assist power calculation
function of calculating a command value of assist power
which should be outputted from the generator motor 23, from
a drive state of a drive portion, the SOC of the battery 24, the
estimated pump power of the hydraulic pump 41, and the
maximum engine power of the engine 22. The relief valve 301
will be described later and the operation state of the relief
valve 301 is determined based on the discharge pressure of the
hydraulic pump 41. The drive state of the drive portion is
determined in accordance with an operation state of the relief
valve 301 and an operation amount of the lever 201 or a
displacement amount of each hydraulic actuator. The HCU
100 then outputs the calculated assist power command value
to the PCU 55. Incidentally, the displacement amount of the
hydraulic actuator has wide meaning including the rotation
frequency as a speed or a rotation speed, or a rotation angle as
an angular displacement during displacement or rotation. The
same meaning will be applied hereinafter. In order to prevent
an engine stall generated when the estimated pump power of
the hydraulic pump 41 required for each hydraulic actuator
exceeds the maximum engine power of the engine 22, the
MCU 80 has a so-called speed sensing control calculation
function of limiting the pump power of the hydraulic pump 41
in accordance with a difference between the rotation fre-
quency command value addressed to the engine 22 and a
detected rotation frequency signal so that the rotation fre-
quency of the engine 22 can converge within a range of
predetermined values relative to the rotation frequency com-
mand value. The MCU 80 then outputs a calculated command
signal to the proportional solenoid valve 75.
<Operation of Relief Valve>

First, assume that a driver in the cabin 37 operates one of
the levers 201 to perform a boom raising operation from a
boom down state (1) in FIG. 3(a). Then, due to the hydraulic
oil discharged from the hydraulic pump 41, the boom cylinder
32 makes a stroke to perform the boom raising operation as
indicated by a solid-line arrow in FIG. 3(b).

On the other hand, when the driver in the cabin 37 operates
the lever 201 from a boom up state (2) in FIG. 3(a) to further
issue an instruction of a boom raising operation, the boom
cylinder 32 makes a full stroke to reach a stroke end from
which the boom cylinder 32 cannot extend any more with the
result that the boom raising operation is restricted. Therefore,
the boom cylinder 32 is supplied with the hydraulic oil from
the hydraulic pump 41 in spite of no change in the cylinder
speed or displacement as a displacement amount. Accord-
ingly, the discharge pressure of the hydraulic oil from the
hydraulic pump 41 increases and then reaches set pressure of
the relief valve 301. When the discharge pressure of the
hydraulic oil of the hydraulic pump 41 reaches the predeter-
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mined relief pressure, the relief valve 301 operates to bleed
off the hydraulic oil into a tank 302 as indicated by a dotted
line arrow in FIG. 3(b). Incidentally, when the hydraulic
excavator touches an obstacle such as a groove wall existing
in an operation direction in the case of'a swinging operation or
atravelling operation, the operation is restricted and the relief
valve 301 operates to bleed off the hydraulic oil in the same
manner as in the case of the cylinder.

To this end, a relief mechanism is used so that the relief
valve 301 can operate when the discharge pressure of the
hydraulic pump 41 increases and reaches the predetermined
relief pressure as a result of restriction of operation of the
cylinder such as the boom cylinder 32 or operation of the
hydraulic motor such as the swinging motor 25.
<Operation>

Next, operation of the construction machine according to
the invention will be described with reference to FI1G. 4. FIG.
4 is a time chart showing the boom raising operation of the
hydraulic excavator.

Here, the abscissa in FIG. 4 designates time (t), and the
ordinate in FIG. 4 designates an operation amount of a lever
201, discharge pressure of the hydraulic pump 41 detected by
the pressure sensor 43, a flow rate of the hydraulic pump 41,
motive power of the hydraulic pump 41, a stroke of the boom
cylinder 32, a rotation frequency of the engine 22, and the
SOC of the battery 24 in descending order from the top. In
addition, the solid line in FIG. 4 expresses an operation in the
case where the invention is applied, and the dotted line in FIG.
4 expresses an operation in the case where the aforemen-
tioned background-art technique described in Patent Litera-
ture 1 is applied.

[Background-Art Technique]

First, the operation in the case where the background-art
technique described in Patent Literature 1 is applied will be
described.

When the driver fully operates the lever 201 from a neutral
state to issue an instruction of a boom raising operation at a
time instant t1, the discharge pressure of the hydraulic pump
41 increases up to pl, the flow rate of the hydraulic pump 41
increases up to q1 and the pump power of the hydraulic pump
41 increases up to maximum pump power Pp_max. On this
occasion, the boom cylinder 32 can move up to the state (2)
(the boom up state) in FIG. 3(a) from the state (1) (the boom
down state) in FIG. 3(a) by the pump power of the hydraulic
pump 41. When the pump power of the hydraulic pump 41
exceeds maximum engine power Pe_max of the engine 22,
the generator motor 23 is supplied and driven with electric
power from the battery 24 by the assist power calculation
function so that the shortage of the power can be supple-
mented with the assist power. Since the battery 24 supplies the
electric power to the generator motor 23, the SOC of the
battery 24 decreases gradually.

The boom cylinder 32 then makes a full stroke to reach a
stroke end at a time instant t2. As a result, the boom raising
operation is restricted. Then, the boom cylinder 32 cannot
move anymore in the state (2) (the boom up state) in FIG.
3(a). Further, when the driver operates the lever 201 to con-
tinue the instruction of the boom raising operation for a
warming-up operation etc., the discharge flow rate of the
hydraulic pump 41 decreases to q2 from q1 as the discharge
pressure of the hydraulic pump 41 increases from p1 based on
constant horse power control which is a known technique.
Here, the same control as in the case where the boom raising
operation is restricted with the result that the boom cylinder
32 cannot move anymore is performed in the case where a
very hard place is excavated with the result that the boom 31
is driven at a very slow speed.
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Further, when the discharge pressure of the hydraulic pump
41 reaches p2 as the predetermined relief pressure at a time
instant t3, the relief valve 301 operates to keep the discharge
pressure of the hydraulic pump 41 at p2 and keep the pump
power at the maximum pump power Pp_max by the maxi-
mum engine power Pe_max of the engine 22 and the assist
power of the generator motor 23 as indicated as the pump
power designated by the dotted line in FIG. 4 at and after the
time instant t3. On this occasion, the hydraulic oil from the
hydraulic pump 41 is uselessly bled off into the tank 302
through the relief valve 301 while the pump flow rate is kept
at q2 as indicated as the pump flow rate designated by the
dotted line in FIG. 4.

The electric power of the battery 24 is then consumed by
the assist power of the generator motor 23 so as to decrease
the SOC of the battery 24. At a time instant t4, control based
on the assist power calculation function is made to limit the
assist power of the generator motor 23. Then, the pump power
of'the hydraulic pump 41 is overloaded beyond the maximum
engine power Pe_max of the engine 22. As a result, the
rotation frequency of the engine 22 begins to decrease, but
control based on the speed sensing control calculation func-
tion is made to limit the pump power of the hydraulic pump 41
in accordance with the decrease of the rotation frequency of
the engine 22. Dueto the control, the flow rate of the hydraulic
pump 41 further decreases so that the rotation frequency of
the engine 22 can converge within a range of predetermined
values (within a range between broken lines designated as
high and low in terms of the engine rotation frequency in FI1G.
4).

Consequently, when the background-art technique
described in Patent Literature 1 is applied, the power assist of
the generator motor 23 is continued up to the time instant t4 at
which the SOC of the battery 24 decreases, after the boom
raising operation is completed at the time instant t2. Accord-
ingly, the electric power of the battery 24 is consumed use-
lessly.

[The Invention]

Next, the operation in the case where the construction
machine according to the invention is applied will be
described.

First, the same operation as that in the case of the afore-
mentioned background-art technique described in Patent Lit-
erature 1 is performed up to the time instant t2. At the time
instant t3, the discharge pressure of the hydraulic pump 41
detected by the pressure sensor 43 reaches p2 as the prede-
termined relief pressure. In addition, when the relief valve
301 operates, control based on the assist power calculation
function of the HCU 100 in accordance with the drive state of
the drive portion etc. is made to limit the assist power of the
generator motor 23, as indicated by the solid line in FIG. 4. On
this occasion, the pump power of the hydraulic pump 41 is
overloaded beyond the maximum engine power Pe_max of
the engine 22. Therefore, although the rotation frequency of
the engine 22 begins to decrease, control based on the speed
sensing control calculation function of the HCU 100 is made
to limit the pump power of the hydraulic pump 41 in accor-
dance with the decrease of the rotation frequency of the
engine 22. The flow rate of the hydraulic pump 41 further
decreases and control is made so that the rotation frequency of
the engine 22 can converge within a range of predetermined
values.

As described above, when the construction machine
according to the invention is applied, control is started to limit
the assist power of the generator motor 23 immediate after the
boom cylinder 32 makes a full stroke at the time instant t2, i.e.
since the time instant t3 at which the relief valve 301 operates.
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Accordingly, power consumption of the battery 24 can be
reduced in comparison with the case of the aforementioned
background-art technique described in Patent Literature 1.
<Processing of Control Unit>

Next, processing of the HCU 100 and the MCU 80 of the
control device of the construction machine according to the
invention will be described with reference to FIG. 5. FIG. 5§
are control block diagrams showing processing of the control
unit (control device) of the hydraulic excavator, in which FI1G.
5(a) shows processing of the HCU and FIG. 5(b) shows
processing of the MCU.

[HCU]

The following processing is programmed in the HCU 100
and repeatedly executed in a predetermined period which is
set in advance.

In addition, in the following description, outputs of the
generator motor 23 on a motoring side and aregeneration side
(power generation side) are defined as positive value and
negative value respectively. In addition, outputs of the battery
24 on a discharging side and a charging side are defined as
positive value and negative value respectively.

A rotation frequency command calculation portion 501
shown in FIG. 5(a) calculates a rotation frequency command
value of the engine 22 in accordance with the SOC of the
battery 24 detected by the PCU 55. That is, the rotation
frequency command calculation portion 501 has the afore-
mentioned rotation frequency command calculation function.
Specifically, when, for example, the SOC of the battery 24 is
high, the rotation frequency command calculation portion
501 reduces the rotation frequency of the engine 22 to reduce
the output of the engine 22 in order to increase an amount of
power assist performed by the generator motor 23 because the
SOC is sufficient. On the other hand, when the SOC of the
battery 24 is low, the rotation frequency command calculation
portion 501 makes control, for example, to increase the rota-
tion frequency of the engine 22 in order to decrease the power
assist amount of the generator motor 23 while suppressing
consumption of the SOC of the battery 24 in order to prevent
the SOC of'the battery 24 from being smaller than a recharge-
able minimum SOC value, so that the output of the engine 22
alone can be enough for the power motive of the hydraulic
pump 41 if possible.

Next, a maximum output estimation portion 502 is con-
nected to the rotation frequency command calculation portion
501. The maximum output estimation portion 502 estimates
maximum engine power as a maximum output of the engine
22 in accordance with the rotation frequency command value
of the engine 22 calculated by the rotation frequency com-
mand calculation portion 501. Incidentally, the estimation of
the maximum engine power is not limited to the case where
the rotation frequency command value of the engine 22 is
used, but the maximum engine power may be estimated by
use of the rotation frequency of the engine 22 detected by the
ECU 57.

Further, a pump power estimation portion 503 estimates
pump power of the hydraulic pump 41 in accordance with
discharge pressure of the hydraulic pump 41 detected by the
MCU 80 and operation amounts of the levers 201. Specifi-
cally, the pump power estimation portion 503 estimates
operation speeds of the hydraulic actuators from the opera-
tion amounts of the levers 201 to thereby obtain an estimated
discharge flow rate of the hydraulic pump 41. The pump
power estimation portion 503 estimates pump power of the
hydraulic pump 41 from the discharge pressure of the hydrau-
lic pump 41 and the estimated discharge flow rate of the
hydraulic pump 41.
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In addition, a relief state determination portion 504 serves
as a pressure control device operation state determination
portion. The relief state determination portion 504 determines
an operation state of the aforementioned relief valve 301
based on the discharge pressure of the hydraulic pump 41
detected by the MCU 80 through the pressure sensor 43 to
thereby calculate a relief determination flag. Incidentally,
processing of the relief state determination portion 504 will
be described later.

Next, an excavation state determination portion 505 serves
as a drive portion work state determination portion. The exca-
vation state determination portion 505 determines whether
the working device 30 is in a state of an excavation work as a
state of a first work or in a state of a non-excavation work as
a state of a second work. The state of the first work and the
state of the second work are included in the drive state of the
drive portion. Specifically, the excavation state determination
portion 505 determines a state of an excavation work or a state
of a non-excavation work of the working device 30 in accor-
dance with the discharge pressure of the hydraulic pump 41
detected by the MCU 80 and the operation amounts of the
levers 201 to calculate a non-excavation determination flag.
Incidentally, processing of the excavation state determination
portion 505 will be described later.

Further, a limiter processing portion 506 limits an assist
power reference value of the generator motor 23 which is
obtained from a difference between the pump power esti-
mated value calculated by the pump power estimation portion
503 and the maximum engine power of the engine 22 esti-
mated by the maximum output estimation portion 502. That
is, the limiter processing portion 506 has the aforementioned
assist power calculation function. When, for example, deter-
mination is made that the relief valve 301 is in operation and
determination is made that the working device 30 is in the
non-excavation state respectively based on the relief determi-
nation flag calculated by the relief state determination portion
504 and the non-excavation determination flag calculated by
the excavation state determination portion 505, the limiter
processing portion 506 applies predetermined limit process-
ing to the assist power reference value of the generator motor
23 to calculate an assist power command value of the genera-
tor motor 23. Specifically, the limiter processing portion 506
drives the hydraulic pump 41 by the engine 22 and the assist
power of the generator motor 23 before the relief valve 301
operates, that is, when the relief state determination portion
504 determines that the relief valve 301 is not in operation, as
shown in FIG. 4. Further, after the relief valve 301 operates,
that is, when the relief state determination portion 504 deter-
mines that the relief valve 301 is in operation, the limiter
processing portion 506 lowers the assist power of the genera-
tor motor 23 in comparison with that when the relief valve 301
is not in operation, and controls the pump power of the
hydraulic pump 41.

Incidentally, the limiter processing portion 506 maybe
configured to change limit contents in accordance with the oil
temperature of the hydraulic oil of each hydraulic actuator
such as the boom cylinder 32 detected by the MCU 80 etc. For
example, when the oil temperature of the hydraulic oil is low,
the viscosity of the hydraulic oil discharged from the hydrau-
lic pump 41 is comparatively high so that control contents
may be changed to allow the generator motor 23 to aggres-
sively perform power assist in order to accelerate an operation
of warming up the hydraulic oil.

[MCU]

The following processing is programmed in the MCU 80
and repeatedly executed in a predetermined period which is
set in advance.
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As shown in FIG. 5(b), a pump power limiting portion 507
calculates a torque command value for the hydraulic pump 41
in order to limit the pump power of the hydraulic pump 41 in
accordance with the rotation frequency of the engine 22
detected by the ECU 57. That is, the pump power limiting
portion 507 has the aforementioned speed sensing control
calculation function. Specifically, when the pump power of
the hydraulic pump 41 is overloaded beyond the maximum
engine power of the engine 22 due to the limited assist power
of the generator motor 23 as shown in FIG. 4, the rotation
frequency of the engine 22 decreases. Therefore, the pump
power limiting portion 507 makes control to reduce the torque
of the hydraulic pump 41 and limit the pump power of the
hydraulic pump 41 in order to prevent engine stall.

The speed sensing control is made to control the capacity
adjustment mechanism (not shown) of the hydraulic pump 41
s0 as to prevent absorption torque of the hydraulic pump 41
from exceeding set maximum absorption torque. That is, the
speed sensing control is made as follows. That is, a first
reduced torque amount AT is calculated based on a deviation
between the rotation frequency command value of the engine
22 and a rotation frequency signal which is an actual rotation
frequency of the engine 22. An output command correspond-
ing to the first reduced torque amount AT is outputted to the
proportional solenoid valve 75 from the MCU 80. The pro-
portional solenoid valve 75 inputs a control signal generated
in accordance with the output command to the capacity
adjustment mechanism, and changes the maximum absorp-
tion torque of the hydraulic pump 41 mechanically set for the
capacity adjustment mechanism, in accordance with the con-
trol signal. In other words, the speed sensing control is made
in such a manner that when the rotation frequency signal is
lower than the rotation frequency command value of the
engine 22, that is, when the pump power of the hydraulic
pump 41 is larger than the maximum engine power of the
engine 22, the maximum absorption torque of the hydraulic
pump 41 is reduced temporarily so that the rotation frequency
of the engine 22 can converge within the range of the prede-
termined values rapidly without causing engine install.
<Excavation Work>

Next, processing of the relief state determination portion
504 and the excavation state determination portion 505 of the
construction machine according to the invention will be
described with reference to FIG. 6 and FIG. 7. FIG. 6 is a flow
chart showing processing of the hydraulic excavator. FIG. 7
are charts showing processing for determining an excavation
state of the hydraulic excavator, in which FIG. 7(a) shows a
determination method of the relief state determination por-
tion 504 and FIG. 7(b) shows a determination method of the
excavation state determination portion 505.
<Determination of Relief State>

Condition No. 1 in FIG. 7(a) shows the case where the
relief determination flag is OFF, i.e. the state is determined as
a non-relief state, in previous determination. When a state in
which the discharge pressure (pump discharge pressure) of
the hydraulic pump 41 is not smaller than a value obtained by
subtracting a predetermined value a from operating pressure
(relief pressure) of the relief valve 301, i.e. pump discharge
pressure=relief pressure-a, is kept for a predetermined time
in the Condition No. 1, the relief determination flag is turned
ON, i.e. the state is determined as a relief state. Otherwise, the
determination of the non-relief state is continued. Inciden-
tally, the predetermined time for determining the progress of
the state indicating pump discharge pressurezrelief pres-
sure-o. is a determination time which is set in consideration of
stable determination of both the pump discharge pressure and
the relief pressure and improvement of the determination
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accuracy of the relief state and the non-relief state performed
by the relief state determination portion 504.

Next, Condition No. 2 in FIG. 7(a) shows the case where
the relief determination flag is ON in previous determination.
When a state in which a value obtained by subtracting the
pump discharge pressure from the relief pressure is not
smaller than a predetermined value p, i.e. relief pressure-
pump discharge pressure=f, is kept for a predetermined time
in the Condition No. 2, determination is made to turn the relief
determination flag OFF. Otherwise, the determination of the
relief state is continued. Incidentally, the predetermined time
for determining the progress of the state in which the value is
not smaller than the predetermined valuef} is a determination
time which is set in consideration of stable determination of
the pump discharge pressure and the relief pressure and
improvement of the determination accuracy performed by the
relief state determination portion 504.

As described above, the relief state determination portion
504 can determine to change the state from the non-relief state
to the relief state or to change the state from the relief state to
the non-relief state by use of the pump discharge pressure.
Incidentally, the predetermined value o and the predeter-
mined value f§ are set respectively at values which are slightly
lower than the relief pressure. However, the predetermined
value a and the predetermined value § may be equal to each
other or different from each other. In the case of a work
requiring power, the pump discharge pressure is desired to be
used up to pressure close to the relief pressure. Accordingly,
the relation that the predetermined value o is smaller than the
predetermined value B, i.e. p>a is desirable.
[Determination of Excavation State]

Condition No. 1 in FIG. 7(b) shows the case in which the
non-excavation determination flag is ON, i.e. the state is
determined as a non-excavation state, in previous determina-
tion. When the discharge pressure of hydraulic pump 41 is not
smaller than a predetermined value, a crowding (arm crowd-
ing) operation amount of the arm 33 caused by an operation of
one of the levers 201 is not smaller than a predetermined
value, and a raising operation amount of the boom 31 or a
crowding (bucket crowding) operation amount of the bucket
35 is not smaller than a predetermined value in the Condition
No. 1, the non-excavation determination flag is turned OFF,
i.e. the state is determined as an excavation state. Otherwise,
the determination of the non-excavation state is continued.

Further, Condition No. 2 in FIG. 7(b) shows the case where
the non-excavation determination flag is OFF in previous
determination. When the discharge pressure of the hydraulic
pump 41 is not smaller than a predetermined value and the
crowding (arm crowding) operation amount of the arm 33 is
not smaller than a predetermined value in the Condition No.
2, the determination that the non-excavation determination
flag is OFF is continued. Otherwise, the non-excavation
determination is turned ON, i.e. the state is determined as a
non-excavation state.

As described above, the excavation state determination
portion 505 can determine the excavation state or the non-
excavation state in a time sequence based on the pump dis-
charge pressure and the operation amounts of the levers 201.
Incidentally, the pump discharge pressure and the hydraulic
actuators operated through the levers 201 as shown in FIG.
7(b) are exemplified for determining the excavation state. The
invention is not limited thereto. For example, in the case of a
scrap work etc., determination may be made by use of opera-
tion amounts of levers 201 through which hydraulic cylinders
driving a fork grapple are operated.
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<Effects and Functions>

As described above, the HCU 100 is provided with the
relief state determination portion 504 which determines an
operation state of the relief valve 301 and the excavation state
determination portion 505 which determines an excavation
state or a non-excavation state. Consequently, the relief state
determination portion 504 first determines whether the dis-
charge pressure of the hydraulic pump 41 is in a relief state or
not (S1) as shown in FIG. 6. When determination is made that
the discharge pressure of the hydraulic pump 41 is in a relief
state (if Yes) in the step S1, the excavation state determination
portion 505 determines whether the operation state of the
working device 30 is an excavation state or a non-excavation
state (S2). When determination is made that the operation
state of the working device 30 is a non-excavation state (if
Yes) in the step S2, the generator motor 23 and the hydraulic
pump 41 are controlled to lower the assist power of the gen-
erator motor 23 and limit the pump power of the hydraulic
pump 41 so as to keep the rotation frequency of the engine 22
within a range of predetermined values (S3).

On the other hand, when determination is made that the
discharge pressure of the hydraulic pump 41 is not in a relief
state (if No) in the step S1 or when determination is made that
the operation state of the working device 30 is an excavation
state (if No) in the step S2, the state of charge of the battery 24
is determined so that it can be determined whether the SOC of
the battery 24 is larger than a predetermined value or not, i.e.
SOC=predetermined value (S4). Here, the predetermined
value is determined depending on battery characteristics etc.
of the battery 24. For example, the predetermined value can
be set as a minimum SCO value etc. at which the battery 24
can be recharged. When determination is made that the SOC
is not larger than the predetermined value (if Yes) in the step
S4, the processing flow goes to the step S3 in which the supply
of electric power from the battery 24 is reduced. Then, the
processing flow returns to the step S1.

On the contrary, when determination is made that the SOC
is larger than the predetermined value (if No) in the step S4,
the processing flow returns to the step S1 without lowering the
assist power of the generator motor 23 and limiting the pump
power of the hydraulic pump 41. The steps S1 to S3 or the
steps S1 to S4 are repeated every predetermined period which
has been described above.

Incidentally, when the aforementioned background-art
technique described in Patent Literature 1 is applied, process-
ing from the step S1 to the step S3 is not performed but only
determination of the SOC (determination of the state of
charge) of the battery 24 described in the step S4 is per-
formed. Accordingly, in the case where, for example, hard
bedrock etc. is excavated, the relief valve 301 operates fre-
quently to thereby lead to the lowering of the working effi-
ciency when the assist power of the generator motor 23 is
limited excessively. Accordingly, it is preferable that the
operation state of the relief valve 301 is determined, the
excavation state or the non-excavation state of the working
device 30 is determined and the assist power of the generator
motor 23 is limited in accordance with these determination
results, as shown in FIG. 5 to FIG. 7.

(Second Embodiment)

FIG. 8 are charts showing processing for determining a
swinging pressing state of a hydraulic excavator according to
a second embodiment of the invention, in which FIG. 8(a)
shows a determination method of a swinging state determi-
nation portion provided in the HCU 100 and FIG. 8(5) shows
a determination method of a swinging pressing determination
portion provided in the HCU 100. The second embodiment is
different from the aforementioned first embodiment as fol-

10

20

25

30

35

40

45

50

55

60

65

16

lows. That is, the assist power of the generator motor 23 and
the pump power of the hydraulic pump 41 are controlled
based on the relief state of the relief valve 301 and the exca-
vation state in the first embodiment. On the other hand, the
assist power of the generator motor 23 and the pump power of
the hydraulic pump 41 are controlled based on a swinging
state and a swinging pressing state of the upper swinging
body 20 in the second embodiment. Incidentally, identical or
corresponding components to those in the first embodiment
are referred to by the same numerals correspondingly and
respectively in the second embodiment.

Specifically, the second embodiment is applied to process-
ing for the case of a so-called swinging pressing work (swing-
ing side pressing work), in which the upper swinging body 20
of the hydraulic excavator 1 is operated to swing to press the
bucket 35 of the working device 30 against a groove wall in
order to harden soil in the groove wall to prevent the soil from
falling during groove excavation. The swinging state deter-
mination portion (not shown) serving as a pressure control
device operation state determination portion detects a rota-
tion frequency, which is a displacement amount of the swing-
ing motor 25 of the hydraulic excavator 1, by means of a
rotation speed sensor (not shown) in accordance with a
swinging operation amount of the swinging motor 25 based
on an operation amount of one of the levers 201 and deter-
mines the swinging state of the upper swinging body 20 in
accordance with the rotation frequency of the swinging motor
25. That is, when the rotation frequency of the swinging
motor 25 does not reach a rotation frequency corresponding
to the operation amount of the lever 201, the bucket 35 of the
working device 30 is pressing against the groove wall and the
swinging operation stops while the hydraulic oil from the
hydraulic pump 41 is still discharged continuously with the
result that the discharge pressure increases and the relief valve
301 operates. Therefore, the operation of the relief valve 301
can be determined based on the displacement amount. In
addition, the swinging pressing state determination portion
(not shown) serving as a drive portion work state determina-
tion portion determines whether the state of the work is a state
of'a swinging pressing work as a state of a first work or a state
of'a non-swinging pressing work as a state of a second work
in accordance with the discharge pressure of the hydraulic
pump 41 detected by the pressure sensor 43 and the swinging
operation amount of the swinging motor 25 based on the
operation amount of the lever 201.

[Determination of Swinging State]

First, Condition No. 1 in FIG. 8(a) shows the case in which
a swinging stop determination flag is OFF, i.e. the state is
determined as swinging (swinging state), in previous deter-
mination. When a state in which the rotation frequency scalar
of the swinging motor 25 is not larger than a predetermined
value §, i.e. rotation frequency of swinging motor|=d, is kept
for a predetermined time in the Condition No. 1, the swinging
stop determination flag is turned ON, i.e. the state is deter-
mined as a swinging stop state (non-swinging state). Other-
wise, the determination of the swinging state is continued.
Incidentally, the expression Irotation frequency of swinging
motorl is made on the assumption that leftward and rightward
rotation frequencies of the swinging motor 25 are expressed
as positive and negative respectively. The same rule can be
also applied to Condition No. 2 of FIG. 8(a) which will be
described later.

Next, the Condition No. 2 of FIG. 8(a) shows the case
where the swinging stop determination flag is ON, i.e. the
state is determined as a swinging stop state, in previous deter-
mination. When a state in which the rotation frequency scalar
of'the swinging motor 25 is not smaller than a predetermined
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value vy, i.e. Irotation frequency of swinging motorl=y is kept
for a predetermined time in the Condition No. 2, the swinging
stop determination flag is turned OFF, i.e. the state is deter-
mined as a swinging state. Otherwise, the determination of
the swinging stop state is continued.

As described above, the swinging state determination por-
tion measures a rotation frequency of the swinging motor 25
and determines a swinging state of the upper swinging body
20 based on the rotation frequency of the swinging motor 25.
In addition, in the same manner as in the first embodiment, a
predetermined time is provided so that occurrence of hunting
of the upper swinging body 20 caused by repeated ON and
OFF of the swinging stop determination flag and misjudg-
ment for determining the swinging state can be prevented.
[Determination of Swinging Pressing State]

Condition No. 1 in FIG. 8(b) shows the case where the
non-swinging pressing determination flag is ON, i.e. the state
is determined as a non-swinging pressing state, in previous
determination. When the discharge pressure (pump discharge
pressure) of the hydraulic pump 41 detected by the pressure
sensor 43 is not smaller than a predetermined value and the
operation amount (swinging operation amount) of the lever
201 for operating the upper swinging body 20 to swing is not
smaller than a predetermined value in the Condition No. 1, the
non-swinging pressing determination flag is turned OFF, i.e.
the state is determined as a swinging pressing state. Other-
wise, the determination of the non-swinging pressing state is
continued.

Further, Condition No. 2 in FIG. 8() shows the case where
the non-swinging pressing determination flag is OFF, i.e. the
state is determined as a swinging pressing state, in previous
determination. When the pump discharge pressure detected
by the pressure sensor 43 is not smaller than a predetermined
value and the swinging operation amount is not smaller than
apredetermined value in the Condition No. 2, the non-swing-
ing pressing determination flag is OFF, i.e. the determination
of the swinging pressing state is continued. Otherwise, the
non-swinging pressing determination flag is turned ON, i.e.
the state is determined to be not a swinging pressing state
(non-swinging pressing state).

As described above, when the swinging pressing state
determination portion determines that the upper swinging
body 20 is in a non-swinging state and in a state of a swinging
pressing work, the assist power of the generator motor 23 is
lowered and the motive power of the hydraulic pump 41 is
limited in order to keep the rotation frequency of the engine
22 within the range of the predetermined values. The swing-
ing pressing work represented by hardening the groove wall
requires swinging power but does not require a high swinging
speed, i.e. a high rotation frequency. From this fact, the pump
power of the hydraulic pump 41 may be obtained from the
engine power of the engine 22 without use of the assist power
of the generator motor 23. Thus, the second embodiment is
effective in suppressing the supply of electric power to the
generator motor 23 from the battery 24.

(Third Embodiment)

FIG. 9 is a system configuration diagram of main electro-
motive and hydraulic devices of a hydraulic excavator accord-
ing to a third embodiment of the invention. The third embodi-
ment is different from the aforementioned first embodiment
as follows. That is, the assist power of the generator motor 23
is limited in accordance with the pump discharge pressure
detected by the pressure sensor 43 and the operation amounts
of the levers 201 in the first embodiment. On the other hand,
assist power of the generator motor 23 is limited in accor-
dance with pump discharge pressure detected by the pressure
sensor 43 and displacements of the hydraulic actuators which
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are detected by displacement sensors 13a, 144, 25a, 32a, 34a,
and 36a serving as the displacement amount detection por-
tions and which correspond to operation amounts of the levers
201. Incidentally, identical or corresponding components to
those in the first embodiment are referred to by the same
numerals correspondingly and respectively in the third
embodiment.

Specifically, the displacement sensors 13a, 14a, 254, 32a,
34a and 364 are attached to the hydraulic cylinders and the
hydraulic motors, i.e. the travelling motors 13 and 14, the
swinging motor 25, the boom cylinder 32, the arm cylinder 34
and the bucket cylinder 36 respectively, as shown in FIG. 9.
These displacement sensors 134, 14a, 254, 32a, 34a and 36a
can detect displacements or rotation angles of the correspond-
ing hydraulic cylinders or hydraulic motors. The excavation
state determination portion 505 or the swinging side pressing
state determination portion determines an excavation state or
anon-excavation state of the working device 30 not based on
the operation amounts of the levers 201 but based on displace-
ment of the boom cylinder 32 etc. detected by the displace-
ment sensor 32a etc. and the discharge pressure of the hydrau-
lic pump 41. Incidentally, although the displacement amount
of'each hydraulic actuator has been described as the displace-
ment, the invention is not limited thereto but speed or rotation
speed may be used alternatively.

According to the third embodiment, similar effects to those
of the first and second embodiments can be obtained.
(Fourth Embodiment)

FIG. 10 is a system configuration diagram of main electro-
motive and hydraulic devices of a hydraulic excavator accord-
ing to a fourth embodiment of the invention. The fourth
embodiment is different from the aforementioned third
embodiment as follows. That is, the assist power of the gen-
erator motor 23 is limited in accordance with the pump dis-
charge pressure detected by the pressure sensor 43 and the
displacements of the hydraulic actuators detected by the dis-
placement sensors 13a, 14a, 25a, 324, 34a and 36a in the
third embodiment. On the other hand, the assist power of the
generator motor 23 is limited only in accordance with the
displacements of the hydraulic actuators detected by the dis-
placement sensors 13a, 14a, 25a, 32a, 34a and 36a and the
operation amounts of the levers 201. Incidentally, identical or
corresponding components to those in the third embodiment
are referred to by the same numerals correspondingly and
respectively in the fourth embodiment.

Specifically, the displacement sensors 13a, 14a, 254, 32a,
34a and 36aq are attached to the travelling motors 13 and 14,
the swinging motor 25, the boom cylinder 32, the arm cylin-
der 34 and the bucket cylinder 36 respectively in the same
manner as in the aforementioned third embodiment. For
example, the relief state estimation portion serving as the
pressure control device operation state determination portion
estimates a relief state of a predetermined hydraulic actuator
when a state in which displacement does not change contin-
ues for a predetermined time, based on a displacement of the
boom cylinder 32 etc. detected by the displacement sensor
32a, rotation angles of the travelling motors 13 and 14
detected by displacement sensors 43, etc. Further, the exca-
vation state determination portion 505 determines a state of
an excavation work or a state of a non-excavation work of the
working device 30, for example, based on the displacement
amount (displacement) of the boom cylinder 32 etc. detected
by the displacement sensor 32a and operation amounts of the
levers 201.

In the fourth embodiment, for example, even in the case of
an electric type excavator or a hybrid excavator (not shown) in
which hydraulic actuators are driven by electric type linear
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actuators or an electric motor, the state of the excavation work
or the state of the non-excavation work can be determined
from a rotation angle ofthe electric motor or displacements of
the electric type linear actuators. In addition, for example,
even in the case of a hybrid type hydraulic excavator in which
an electric motor is used as the swinging motor 25, a state of
a swinging pressing work or a state of a non-swinging press-
ing work in the second embodiment can be determined based
on a rotation angle of the electric type swinging motor 25
detected by the displacement sensor 25a. Incidentally,
although the displacement and the rotation angle are used as
the displacement amount in the embodiment, determination
may be made based on an actuator speed or a rotation speed
detected by a speed sensor.

<Other Embodiments>

Incidentally, the invention is not limited to the aforemen-
tioned embodiments but may include various modifications.
For example, the aforementioned embodiments have been
described in order to make it easy to understand the invention.
The invention does not have to be limited to what includes all
the aforementioned constituents.

In addition, although an assist operation in the case where
an operation for raising/lowering the boom 31 of the working
device 30 is performed or in the case where the swinging
motor 25 is driven has been described in each of the afore-
mentioned embodiments, assist control of the generator
motor 23 described in each of the aforementioned embodi-
ments can be also applied to the case where the arm 33 or the
bucket 35 of the working device 30 is driven and operated or
in the case where the travelling motors 13 and 14 are driven
and operated.

Accordingly, assist control of the generator motor 23
according to each of the aforementioned embodiments can be
also applied, for example, to a wheel loader or a dump truck
etc. as long as it is a construction machine provided with
hydraulic actuators such as hydraulic cylinders or hydraulic
motors. In addition, in the case of the aforementioned fourth
embodiment, assist control of the generator motor 23 can be
performed also in an electric type excavator in which actua-
tors are driven by an electric motor. Further, the rotation
frequency of the electric motor driving the electric type actua-
tors may be detected by a displacement sensor (not shown) in
order to perform assist control of the generator motor 23
based on the rotation frequency of the electric motor.

REFERENCE SIGNS LIST

1 hydraulic excavator (construction machine)

2 excavator body (body)

10 lower travelling body

11 crawler (drive portion)

12 crawler frame

13, 14 travelling motor (hydraulic actuator)

13a, 14a displacement sensor (displacement amount
detection portion)

20 upper swinging body (drive portion)

21 swinging frame

22 engine

23 generator motor

24 battery (electric storage device)

25 swinging motor (hydraulic actuator)

25a displacement sensor (displacement amount detection
portion)

26 swinging mechanism (drive portion)

30 working device (drive portion)

31 boom

32 boom cylinder (hydraulic actuator)
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32a displacement sensor (displacement amount detection
portion)
33 arm

34 arm cylinder (hydraulic actuator)

34a displacement sensor (displacement amount detection

portion)

35 bucket

36 bucket cylinder (hydraulic actuator)

36a displacement sensor (displacement amount detection

portion)

37 cabin

40 hydraulic system

41 hydraulic pump

42 control valve

43 pressure sensor (pressure detection portion)

55 PCU

57 ECU

75 proportional solenoid valve

80 MCU (control portion)

100 HCU (control portion)

201 lever (operation device)

301 relief valve (pressure control device)

302 tank

501 rotation frequency command calculation portion

502 maximum output estimation portion

503 pump power estimation portion

504 relief state determination portion (pressure control

device operation state determination portion)

505 excavation state determination portion (drive portion

work state determination portion)

506 limiter processing portion

507 pump power limiting portion

The invention claimed is:

1. A construction machine comprising:

a body;

a drive portion which is attached to the body;

an engine which is mounted in the body;

a generator motor which is attached to the engine and
which can be driven as an electric generator or an electric
motor;

a hydraulic pump which is driven by the engine and the
generator motor;

a plurality of hydraulic actuators which drive the drive
portion with motive power generated by the hydraulic
pump;

a pressure control device which operates in accordance
with discharge pressure of the hydraulic pump;

a pressure detection portion which detects the discharge
pressure of the hydraulic pump;

a plurality of operation devices which generate and output
operation signals in order to operate the plurality of
hydraulic actuators;

a control portion which lowers a drive output of the gen-
erator motor in accordance with a drive state of the drive
portion and limits a drive output of the hydraulic pump
in order to keep a rotation frequency of the engine within
a range of predetermined values; and

wherein when an operation amount of the other of the
operation devices is within a predetermined range which
is set in advance, the control portion determines that the
drive portion is in a non-excavation state, and lowers the
drive output of the generator motor.

2. A construction machine according to claim 1 wherein:

when the other one of the operation devices outputs a signal
in order to operate a corresponding one of the hydraulic
actuators and the displacement amount detected by the
displacement amount detection portion is within a pre-



US 9,340,953 B2

21

determined range which is set in advance, the control
portion determines that the drive portion is in a non-
excavation state, and lowers the drive output of the gen-
erator motor.

3. A construction machine according to Claim 2, wherein:

the hydraulic actuators serve as hydraulic cylinders or
hydraulic motors.

4. A construction machine according to claim 2, wherein:

when a pressure control device operation state determina-
tion portion determines that the pressure control device
is not in operation, the control portion drives the hydrau-
lic pump with a drive output of the engine and the drive
output of the generator motor; and when the pressure
control device operation state determination portion
determines that the pressure control device is in opera-
tion, the control portion drives the hydraulic pump with
the drive output of the generator motor which is lowered
in comparison with that when the pressure control
device is not in operation.

5. A construction machine according to claim 1, wherein:

the hydraulic actuators serve as hydraulic cylinders or
hydraulic motors.

6. A construction machine according to Claim 5, wherein:

when a pressure control device operation state determina-
tion portion determines that the pressure control device
is not in operation, the control portion drives the hydrau-
lic pump with a drive output of the engine and the drive
output of the generator motor; and when the pressure
control device operation state determination portion
determines that the pressure control device is in opera-
tion, the control portion drives the hydraulic pump with
the drive output of the generator motor which is lowered
in comparison with that when the pressure control
device is not in operation.

7. A construction machine according to claim 1, wherein:

the drive portion is configured to be capable of performing
a swinging pressing work and a non-swinging pressing
work;
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the construction machine further comprises:

a pressure control device operation state determination
portion which determines an operation state of the pres-
sure control device based on a detection value detected
by the displacement amount detection portion or the
pressure detection portion; a drive portion work state
determination portion which determines whether the
drive portion is in a state of the swinging pressing work
or in a state of the non-swinging pressing work; and

the control portion lowers the drive output of the generator
motor when the pressure control device operation state
determination portion determines that the pressure con-
trol device is in operation and the drive portion work
state determination portion determines that the drive
portion is in the state of the non-swinging pressing work.

8. A construction machine according to claim 7, wherein:

when the pressure control device operation state determi-
nation portion determines that the pressure control
device is not in operation, the control portion drives the
hydraulic pump with a drive output of the engine and the
drive output of the generator motor; and when the pres-
sure control device operation state determination por-
tion determines that the pressure control device is in
operation, the control portion drives the hydraulic pump
with the drive output of the generator motor which is
lowered in comparison with that when the pressure con-
trol device is not in operation.

9. A construction machine according to claim 1, wherein:

when a pressure control device operation state determina-
tion portion determines that the pressure control device
is not in operation, the control portion drives the hydrau-
lic pump with a drive output of the engine and the drive
output of the generator motor; and when the pressure
control device operation state determination portion
determines that the pressure control device is in opera-
tion, the control portion drives the hydraulic pump with
the drive output of the generator motor which is lowered
in comparison with that when the pressure control
device is not in operation.
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